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Abstract 24 
This study examined how children’s physical activity levels during recess and lunchtime and 25 
the contribution of recess and lunchtime to daily physical activity differed across seasons. 26 
Three hundred and twenty-six children aged 8-11 years from Australia participated. Physical 27 
activity was measured every 15-seconds using hip-mounted GT3X+ ActiGraph 28 
accelerometers for 7 consecutive days during the winter (n=246), spring (n=211), summer 29 
(n=161) and autumn terms (n=139). Data were collected 2012-2013. Time spent in light- 30 
(LPA) moderate- (MPA), vigorous- (VPA), and moderate- to vigorous-intensity physical 31 
activity (MVPA) during recess and lunchtime were derived using age-adjusted cut-points. 32 
Longitudinal data were analysed using multilevel analyses and adjusted for potential 33 
confounders. The results showed that compared to winter, children engaged in significantly 34 
less MVPA and VPA in spring and summer during lunchtime (p<0.05). No significant changes 35 
were observed during recess. The contribution of lunchtime to VPA and MVPA significantly 36 
decreased in spring and summer compared to winter (p<0.05). Whilst no seasonal changes 37 
in recess activity were observed, children’s lunchtime physical activity levels decreased 38 
between winter and spring and summer, with greater declines observed in VPA. Strategies 39 
to increase physical activity levels in every season are needed during lunchtime, with a 40 
greater emphasis on warmer months.  41 
  42 
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Introduction 43 
The physical, social, and mental health benefits of physical activity throughout childhood are 44 
well established (Janssen & Le Blanc, 2010). However, many children do not engage in 45 
sufficient physical activity to benefit their health (Tremblay et al., 2016). Given that children 46 
spend a substantial proportion of their waking hours at school, the school environment is an 47 
important context for children to be physically active (van Sluijs, McMinn, & Griffin, 2007). 48 
In many countries, non-curricular time such as school recess and lunchtime provide a daily 49 
opportunity for children to be physically active during school time (Ridgers, Stratton, & 50 
Fairclough, 2006). Recess and lunchtime periods are typically unstructured, and provides 51 
one of the few opportunities for children to freely choose activities to engage in with their 52 
peers (Ridgers, Carter, Stratton, & McKenzie, 2011). While the scheduling of recess and 53 
lunchtime does vary within and between countries (Pellegrini & Bohn, 2005; Ridgers et al., 54 
2011), research has demonstrated that these periods can each contribute up to 20% of daily 55 
moderate and vigorous physical activity (Ridgers, Timperio, Crawford, & Salmon, 2012), 15-56 
44% to school day activity (Erwin, et al., 2012; Ridgers, Saint-Maurice, Welk, Siahpush, & 57 
Huberty, 2011), and up to 40% towards daily physical activity guidelines (Ridgers, Stratton, 58 
& Fairclough, 2006) for primary school aged boys and girls.  59 
 60 
There is increasing interest in identifying factors that may influence children’s physical 61 
activity engagement during recess and lunchtime (Fernandes, & Sturm, 2009; Martin, 62 
Bremner, Salmon, Rosenberg, & Giles-Corti, 2012; Ridgers, Fairclough, & Stratton, 2010). A 63 
review of correlates of recess physical activity found that while 44 variables across the four 64 
levels of social-ecological framework had been studied, few had been investigated 65 
repeatedly at each level (Ridgers, Salmon, Parrish, Stanley, & Okely, 2012). One correlate 66 
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that has been investigated is weather/seasonal differences, yet an 67 
indeterminate/inconclusive association has been observed (Ridgers, Salmon, et al., 2012). 68 
Several UK-based studies have reported no differences in activity levels between seasons 69 
(Ridgers, & Stratton, 2005; Ridgers, Stratton, Clark, Fairclough, & Richardson, 2006) whilst 70 
one US-based study reported higher activity levels in spring compared to fall (Saint-Maurice, 71 
Welk, Silva, Siahpush, & Huberty, 2011). The lack of consistent findings may be due to the 72 
limited impact that daylight hours would have on physical activity accrued at school, and 73 
that schools typically require children to play outside during recess and lunchtime in most 74 
weather conditions (Thomson, 2004). However, the existing literature is limited by the small 75 
sample sizes (Ridgers, Stratton, Clark et al., 2006; Saint-Maurice, et al., 2011), only two 76 
seasons being considered (Ridgers, & Stratton, 2005; Ridgers, Stratton, Clark et al., 2006; 77 
Saint-Maurice, et al., 2011), and the lack of repeated measures data on the same children 78 
(Ridgers & Stratton, 2005).    79 
 80 
No research has examined whether the contribution of recess and lunchtime to daily 81 
physical activity changes between seasons. It is plausible that the importance of these 82 
periods to daily physical activity may vary at different times of the year. For example, 83 
lunchtime in Australia occurs during peak daily temperatures during the summer, whilst 84 
during the winter recess and lunchtime provide opportunities for outdoor physical activity 85 
during daylight hours. Understanding seasonal variation in the contribution of recess and 86 
lunchtime would inform school-based physical activity programming, and identify potential 87 
intervention points to benefit activity levels at particular times of the year. Consequently, 88 
the aim of this study was to determine how children’s physical activity levels during recess 89 
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and lunchtime and the contribution of recess and lunchtime to daily physical activity 90 
differed across seasons.  91 
 92 
Methods 93 
Participants 94 
Primary schools located within 40km of the Melbourne Business District, Australia (37.81 °S, 95 
144.97 °E) and with enrolments greater than 200 pupils were stratified into tertiles of 96 
socioeconomic status (SES) based on the Socio-Economic Index for Areas (Australian Bureau 97 
of Statistics, 2011) for the school’s postcode. Randomly selected schools from each SES 98 
strata were invited to participate in the Patterns of Habitual Activity across Seasons (PHASE) 99 
Study. The PHASE Study used a repeated measures design to examine seasonal changes in 100 
children’s physical activity. Nine schools (1 low SES, 3 medium SES, and 5 high SES) providing 101 
written informed School Principal consent to participate. Ethical approval was provided by 102 
the University’s Human Ethics Advisory Group (Health), the Department for Education and 103 
Early Childhood Development, and the Catholic Education Office (Melbourne).  104 
 105 
All children (n=1270) in Years 4 and 5 (aged 8-11 years) were invited to participate in the 106 
PHASE Study. Informed written parental consent was provided for 326 children (162 boys, 107 
164 girls; Year 4=162; Year 5=164; 25.7% response rate) to participate in at least one 108 
component of the study at baseline. No information is available for non-responders, as it 109 
was an ethics requirement in the state of Victoria at this time for active informed parental 110 
consent to be provided. Data were collected during four different school terms that 111 
correspond with each of the seasons in south-east Australia: winter (August-September 112 
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2012); spring (October-November 2012); summer (February-March 2013); and autumn 113 
(May-June 2013). No data were collected during school holidays. 114 
 115 
Measures 116 
Physical activity: Children’s physical activity levels were objectively-assessed for seven 117 
consecutive days during each school term using ActiGraph GT3X+ accelerometers 118 
(Pensacola, FL). The ActiGraph has acceptable validity and reliability for use in paediatric 119 
populations (Trost, et al., 1998). Children were fitted with the monitors during class time by 120 
trained research assistants who instructed them to wear the accelerometer on their right 121 
hip during all waking hours except for water-based activities (e.g. bathing, swimming etc.; 122 
National Health and Nutrition Examination Survey, 2006). Verbal and written information 123 
about the correct wear and care of the monitor were also provided to participants. 124 
 125 
School recess and lunchtime periods: School bell times were provided by each school and 126 
used to identify each recess and lunchtime period for extraction from ActiGraph data.  In 127 
Australia, recess is a regularly scheduled, mandated break in the school day that typically 128 
occurs mid to late morning, whilst lunchtime occurs early in the afternoon. In this study, 129 
lunchtime reflects the length of the break available for both eating lunch (which typically 130 
occurs at the start of the period) and for play. The timing of recess and lunchtime in 131 
participating schools did not change across the study. The duration of recess and lunchtime 132 
periods was also computed. The mean recess and lunchtime durations were 29.7 (± 2.7) 133 
and 54.1 (± 6.6) minutes, respectively.  134 
 135 
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Anthropometry: Measures of stature (to the nearest 0.1cm), body mass (to the nearest 136 
0.1kg), and waist circumference (to the nearest mm) were recorded at each time point by 137 
trained research staff using standardised procedures.  138 
 139 
Meteorological information: Data concerning temperature (°C), relative humidity (%), and 140 
wind speed (km/hr) were obtained at midday on each day of accelerometer data 141 
collection from the publically accessible Bureau of Meteorology website 142 
(www.bom.gov.au). This time typically fell between recess and lunchtime, and 143 
represented the meteorological conditions at that time. These data were obtained from 144 
the nearest weather station to each participating school. 145 
 146 
Data management 147 
Raw tri-axial data from the ActiGraph were sampled at 30Hz and downloaded in 15 second 148 
epochs using ActiLife software. ActiGraph data were then processed using a customized 149 
Excel macro. Non-wear time was defined as sustained 20-minute periods of consecutive 150 
zeroes, and the sum of these periods represented the total non-wear duration (Catellier, et 151 
al., 2005). This definition is the most commonly used non-wear definition for children (Cain, 152 
Sallis, Conway, Van Dyck, & Calhoon, 2013). For the purpose of this study, only weekday 153 
data were used. For a day to be considered valid, children were required to have worn the 154 
accelerometers for ≥8 hours/day and for ≥50% for both recess and lunchtime (Ridgers, et al., 155 
2012; Arundell, et al., 2013). Children who provided valid recess, lunchtime and daily 156 
physical activity data on ≥3 weekdays were retained for statistical analysis. 157 
 158 
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Age-specific cut-points (Freedson, Pober, & Janz, 2005) were used to determine time spent 159 
engaged in light- (LPA; 1.5-3.99 METs), moderate- (MPA; 4-5.99 METs) and vigorous-160 
intensity (VPA; ≥6 METs) physical activity for recess, lunchtime, and days that met the 161 
inclusion criteria. Durations of MPA and VPA were summed to obtain moderate- to 162 
vigorous-intensity physical activity (MVPA). These cut-points have excellent classification 163 
accuracy (Trost, Loprinzi, Moore, & Pfeiffer, 2011). Due to variability in the duration of 164 
recess and lunchtime periods between schools, the average proportion of time that children 165 
engaged in LPA, MPA, VPA and MVPA during recess and lunchtime in each season was 166 
determined. The relative contribution of recess and lunchtime to daily physical activity 167 
levels in each season was computed as a percentage for each day ((time in activity 168 
intensity/total daily time in activity intensity)*100) and averaged over valid days.  169 
 170 
Statistical Analyses 171 
Descriptive statistics (mean ± SD) were initially calculated for measured variables. Multilevel 172 
models were used to examine differences in children’s recess and lunchtime physical activity 173 
across seasons. Differences in the contribution of recess and lunchtime to daily physical 174 
activity levels were also evaluated. As multilevel models are robust against missing data 175 
points and do not require complete data sets to estimate effects over time, all valid data 176 
points collected were used in the analyses (757 data points).  177 
 178 
A three-level model was used in the analyses: season of measurement (Level 1); child (Level 179 
2); and School (Level 3). The random structure considered random intercepts. To estimate 180 
changes the proportion of time spent engaged in LPA, MPA, VPA, and MVPA during recess 181 
and lunchtime across seasons, three dummy predictor variables were generated for use in 182 
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the models: spring versus winter term; summer versus winter term, and autumn versus 183 
winter term. The same approach was used with the contribution of recess and lunchtime to 184 
daily LPA, MPA, VPA, and MVPA as the outcome variables. Sex, decimal age, recess or 185 
lunchtime duration, temperature, humidity, wind speed, and number of valid days of data 186 
were identified a priori as potential confounding variables and included in the final analyses. 187 
Separate analyses were conducted for each outcome variable (8 analyses in total). Statistical 188 
significance was set at p<0.05. All multilevel analyses were conducted using Stata SE version 189 
14 (Statacorp LP, Texas) using the mixed command.     190 
 191 
Results 192 
 193 
At baseline (winter 2012), complete data were obtained for 246 children (mean age 10.4 ± 194 
0.6 years; 119 boys, 127 girls; 79% of those who wore a monitor). Complete accelerometer 195 
data were collected from 211 children in spring (74% of sample monitored), 161 children in 196 
summer (60%), and 139 children in autumn (54%). The average wear time during recess 197 
and lunchtime was 96.4% and 98.2% of these periods, respectively. Table 1 reports 198 
descriptive data for the sample at each measurement point. Table 2 reports  descriptive 199 
meteorological data collected during each season. Table 3 shows the summary statistics 200 
(raw data) for children’s recess and lunchtime physical activity as well as the contribution to 201 
daily physical activity in each season. Supplementary file 1 shows children’s physical 202 
activity levels (minutes) during recess and lunchtime for each term. The proportion of time 203 
that children engaged in LPA, MPA, VPA, and MVPA was similar during recess and lunchtime 204 
for each school term.  205 
 206 
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[Insert Tables 1, 2 and 3 about here] 207 
 208 
Changes in recess and lunchtime physical activity between seasons 209 
Table 4 shows the absolute percentage change in children’s recess and lunchtime physical 210 
activity between winter (reference variable) and spring, summer and autumn. No significant 211 
changes in recess physical activity levels were observed between seasons. Significant 212 
decreases were observed in lunchtime MVPA and VPA between winter and spring, whilst 213 
lunchtime LPA significantly increased. Significant decreases in lunchtime physical activity 214 
were also observed between winter and summer for MPA, VPA and MVPA. For example, 215 
children engaged in 2.7% and 6.2% less MVPA during lunchtime in the spring and summer, 216 
respectively, compared to the winter term. No significant differences were observed 217 
between the winter and autumn terms. 218 
 219 
[Insert Tables 4 and 5 about here] 220 
 221 
Contribution of school recess and lunchtime to daily physical activity  222 
Table 5 reports the changes in the contribution of recess and lunchtime to daily physical 223 
activity between seasons. The multilevel analyses revealed no significant changes in the 224 
contribution of recess to daily activity. Significant decreases in the contribution of 225 
lunchtime to daily VPA and MVPA were observed for both spring and summer compared 226 
to winter. Decreases in the contribution of lunchtime MPA to daily activity were noted in 227 
spring and autumn compared to winter. In contrast, the contribution of lunchtime to daily 228 
LPA significantly increased in summer and autumn compared to winter, though the 229 
magnitude of the changes were small (0.4-1%). 230 
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 231 
[Insert Table 4 about here] 232 
 233 
Discussion 234 
To the best of our knowledge, this is the first study to investigate changes in children’s 235 
objectively-measured physical activity during recess and lunchtime, and the contribution of 236 
these time periods to daily physical activity in each of the four seasons using repeated 237 
measures. These data showed that physical activity during lunchtime was significantly lower 238 
in spring and summer compared to winter. Moreover, the contribution of lunchtime to daily 239 
LPA significantly increased in summer and autumn compared to winter, but the 240 
contribution to daily VPA and MVPA significantly decreased in spring and summer 241 
compared to winter, albeit that the magnitude of change was small. No significant changes 242 
were observed during recess for any of the variables.  243 
 244 
To date, no conclusive evidence of the effect of seasons on recess and lunchtime physical 245 
activity levels has been demonstrated (Ridgers, Salmon, et al., 2012). However, the 246 
literature is limited to a handful of studies (Ridgers, & Stratton, 2005; Ridgers, Stratton, 247 
Clark et al., 2006; Saint-Maurice, et al., 2011) that did not assess all four seasons and were 248 
conducted in different regions and climates compared to Australia. In two studies 249 
conducted in the same geographical area within the UK (Ridgers & Stratton, 2005; Ridgers, 250 
Stratton, Clark et al., 2006), no significant differences in recess physical activity levels were 251 
observed between summer and winter. This is consistent with the current study, that 252 
found no significant changes in recess activity levels across seasons. In comparison, a study 253 
conducted in the US reported that children were more active in spring compared to fall 254 
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(Saint-Maurice, et al., 2011). The current study is the first to show decreases in children’s 255 
physical activity levels during spring and summer compared to winter during lunchtime. It is 256 
possible that the contrasting findings may be explained by the different influence that 257 
seasons have within different countries on physical activity levels. For example, Australia 258 
typically experiences warm summers where the average maximum temperature ranges 259 
from 24.4 to 26.6°C in Melbourne (Bureau of Meteorology, 2014), which exceeds the 260 
temperature range (20-22°C) where optimal MPA and VPA levels occur (Harrison et al., 261 
2017; Remmers, et al., 2017). In comparison, temperatures in winter range from 13.5 to 262 
15°C in Melbourne (Bureau of Meteorology, 2014), which is comparable to summer 263 
temperatures in a previously conducted study in the UK (Ridgers, Stratton, Clark, et al., 264 
2006). There is some evidence of a negative association between temperature and recess 265 
physical activity (Parrish, Russell, Yeatman, & Iverson, 2009; Ridgers et al., 2010), and 266 
lunchtime occurring at times where temperatures are often higher (i.e. early afternoon), it is 267 
possibly not surprising that children’s higher intensity activity levels were lower. 268 
Interestingly, greater seasonal changes in VPA were observed compared to MPA, suggesting 269 
that higher intensities of physical activity may be more susceptible to change in this region 270 
of Australia across the year.  271 
 272 
It is possible that higher lunchtime physical activity levels during the winter months may 273 
also be attributable to a thermoregulatory need to keep warm (Ridgers, Stratton, Clark et 274 
al., 2006). Previous research has reported that children typically play outside on the school 275 
playground during recess and lunchtime unless it is raining (Thomson, 2004), which is also 276 
generally the case in Australian schools. Given that children spent almost twice as long 277 
outside during lunchtime compared to recess, this may explain, in part, why significant 278 
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changes were observed only during lunchtime. Whilst winters in this region of Australia are 279 
generally mild compared to other regions globally (Harrison, et al., 2017), there is still a 280 
considerable difference in temperature between the hotter and cooler months (Bureau of 281 
Meteorology, 2014). The mean average daily temperature during winter and summer was 282 
14.8°C and 28.3°C during data collection, which is a greater difference than previously 283 
reported in recess studies conducted in the UK (Ridgers, Stratton, Clark, et al., 2006). Taken 284 
together, these results suggest that interventions to increase lunchtime physical activity 285 
during the warmer months may be warranted, particularly at higher intensities given the 286 
health benefits of VPA compared to MPA (Janssen & LeBlanc, 2010). For example, providing 287 
recess periods earlier in the school day when temperatures are lower may be one approach, 288 
though changing recess times may not be perceived as a feasible approach by schools 289 
(D'Haese, Van Dyck, De Bourdeaudhuij, & Cardon, 2013). However, if combined with other 290 
public health messages (e.g. Sun Smart), schools may be more willing to adopt different 291 
school calendars at different times of the year. 292 
 293 
The contribution of recess and lunchtime to daily physical activity in each season was fairly 294 
consistent with a previous Australian study that showed recess and lunchtime contributed 295 
approximately 5-10% and 20%, respectively, to daily MPA and VPA (Ridgers, Timperio, et al., 296 
2012). Whilst the contribution of these time periods was generally greater for winter and 297 
autumn, the contribution of spring and summer to daily activity is comparable to previous 298 
studies (Bailey et al., 2012; Brusseau, et al., 2011; Ridgers, Stratton, & Fairclough, 2006; 299 
Ridgers, Toth, & Uvacsek, 2009). The higher contribution for autumn and winter suggests 300 
that children appear to take advantage of the opportunity that school recess periods 301 
provides for physical activity engagement, particularly during times of the year when days 302 
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are shorter and opportunities for afterschool physical activity may be limited. However, it is 303 
not known whether the same opportunities for activity were provided all year around, 304 
schools facilitated activity during the cooler months (e.g. through the provision of 305 
equipment), sports played during the winter months (e.g. AFL), or the provision of shade 306 
on the playground may have influenced activity behaviours (Ridgers, Salmon, & Timperio, 307 
2015). Ascertaining whether (and if so, how) activity opportunities change across seasons 308 
should be examined in future research..  309 
 310 
 Overall, it is of concern, that the decreases observed in spring and summer compared to 311 
winter were similar to decreases observed over a three year period in primary school 312 
children (Ridgers, Timperio, et al., 2012). It should be noted that physical activity levels 313 
during the different seasons were comparable with previous recess studies, which have 314 
shown children spend 20-30% of recess time engaged in MVPA (Bailey, et al., 2012; Huberty, 315 
Beets, Beighle, & Welk, 2011; Ridgers, Stratton, & Fairclough, 2005)., Whilst this can be 316 
considered a positive finding, it does highlight the potential of recess-based interventions 317 
(e.g. playground markings, equipment) to increase children’s physical activity levels 318 
throughout the year (Parrish, Okely, Stanley, & Ridgers, 2013). Based on the current results, 319 
daily recess and lunchtime, in particular, provide an important opportunity for Australian 320 
children to be active, particularly during the cooler months. However, strategies are needed 321 
to ensure that children are active during lunchtime in the warmer months. These findings 322 
have important implications for school programming, policy and practice throughout the 323 
school year. 324 
 325 
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Strengths of this study include the objective assessment of children’s activity levels using a 326 
repeated measures design. There are, however, several limitations that should be noted. 327 
Firstly, physical activity was assessed in the middle of each school term for feasibility 328 
reasons. As such, the findings may be more representative of the school terms rather than 329 
the seasons themselves, though the terms do closely align with the different seasons. 330 
Secondly, only one school was recruited from a low SES area. It is possible that these 331 
findings are more representative of schools located in middle and high-SES areas. Thirdly, as 332 
no observations were conducted during the study, no data were collected about the 333 
specific activities children engaged in during recess and lunchtime. Consequently, it is not 334 
known whether specific activities changed across seasons or the intensity of specific 335 
activities changed across seasons. Such information would be important for the 336 
development of interventions to increase activity levels during the warmer months in 337 
particular. Fourth, no data concerning potential correlates of recess and lunchtime 338 
physical activity were collected, including the available play space during recess and 339 
lunchtime, whether equipment was provided or permitted, the number of supervisors on 340 
the playground were collected in this study, and school physical activity policies (Ridgers, 341 
Salmon, et al., 2012). Future studies should determine how such variables may influence 342 
activity levels across different seasons.   343 
 344 
Conclusions 345 
Little research has examined seasonal variability in physical activity accumulated by children 346 
during school recess and lunchtimes, and whether the contribution of these time periods to 347 
daily physical activity levels differ between seasons. In contrast to previous findings, 348 
children’s lunchtime MPA and VPA decreased between winter and spring and summer, with 349 
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greater declines observed in VPA. Decreases in the contribution of lunchtime to overall VPA 350 
and MVPA physical activity were also observed in spring and summer. In comparison, the 351 
contribution of lunchtime to daily LPA increased in summer. Whilst children’s activity 352 
levels across the different seasons were comparable to previous research, these results 353 
indicate that strategies to increase lunchtime physical activity levels in every season are 354 
needed, with a greater emphasis on warmer months.  355 
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Table 1: Descriptive characteristics of sample from each season of measurement (mean (SD)) 519 
 August-
September 
2012 
(Winter Term) 
October-
November 
2012 
(Spring Term) 
February-
March 2013 
(Summer Term) 
May-June 2013 
(Autumn Term) 
Age (years) 10.4 (0.6) 10.7 (0.6) 10.9 (0.6) 11.2 (0.6) 
Stature (cm) 143.0 (7.3) 144.5 (7.8) 146.2 (7.5) 147.8 (7.6) 
Body mass (kg) 38.1 (8.7) 38.7 (9.0) 40.1 (9.2) 42.2 (9.8) 
Waist 
circumference 
(cm) 
68.8 (9.5) 67.4 (9.0) 69.3 (9.5) 70.9 (9.6) 
Daily physical 
activity  
    
Overall LPA 
(min/day) 
257.3 (43.9) 268.7 (52.1) 254.1 (47.9) 250.6 (46.2) 
Overall MPA 
(min/day) 
52.2 (13.4) 53.9 (15.2) 45.9 (14.3) 48.9 (14.1) 
Overall VPA 
(min/day) 
26.2 (13.4) 22.8 (12.4) 17.7 (10.3) 21.0 (11.1) 
Overall MVPA 
(min/day) 
78.5 (24.5) 76.8 (25.5) 63.6 (22.9) 69.9 (23.0) 
  520 
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Table 2: Meteorological data from each season of measurement (mean (SD) and range) 521 
 August – 
September 2012 
(Winter Term) 
October-
November 2012 
(Spring Term) 
February-March 
2013 
(Summer Term) 
May-June 2013 
(Autumn Term) 
 Mean Range Mean Range Mean Range Mean Range 
Temperature 
(°C) 
13.7 
(2.4) 
11.1 - 
17.6 
19.1 
(1.5) 
17.2 -
23.2 
23.7 
(2.1) 
20.2 - 
26.6 
15.0 
(2.1) 
13 - 
20.1 
Relative 
humidity (%) 
60.0 
(10.4) 
45.8 - 
74. 
56.8 
(1.5) 
46.2 - 68 54.8 
(8.8) 
46.2 - 
67.8 
63.2 
(9.6) 
44.2 - 
77.2 
Wind speed 
(km/h) 
22.6 
(5.5) 
13.8 - 
30.8 
16.3 
(3.1) 
9.8 - 
21.2 
13.6 
(4.4) 
5 - 23 17.9 
(6.7) 
6 - 
26.6 
  522 
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Table 3: Unadjusted means for physical activity levels during school recess and lunchtime 523 
(%) and contribution to activity in each school term  524 
 August-
September 
2012 
(Winter Term) 
October-
November 
2012 
(Spring Term) 
February-
March 2013 
(Summer 
Term) 
May-June 
2013 
(Autumn 
Term) 
Recess period 
physical activity 
    
LPA (%) 41.8 (8.3) 42.9 (8.1) 42.6 (9.0) 42.8 (8.3) 
MPA (%) 16.9 (6.6) 16.3 (7.4) 13.7 (6.6) 15.5 (6.4) 
VPA (%) 10.9 (7.4) 8.0 (6.7) 5.8 (5.3) 8.6 (7.1) 
MVPA (%) 27.7 (12.4) 24.4 (13.1) 19.5 (10.7) 24.1 (12.2) 
Lunchtime period 
physical activity 
    
LPA (%) 39.8 (6.7) 42.4 (7.6) 44.1 (6.6) 41.5 (6.4) 
MPA (%) 15.0 (5.4) 14.5 (5.8) 13.3 (5.4) 13.9 (5.1) 
VPA (%) 9.6 (6.2) 7.5 (5.6) 5.5 (4.6) 7.6 (5.3) 
MVPA (%) 24.6 (10.3) 22.0 (10.6) 18.8 (9.2) 21.5 (9.5) 
%Wear time  of 
period 
    
Recess 94.6 (8.3) 99.4 (2.1) 95.8 (7.1) 95.5 (6.2) 
Lunchtime 97.0 (4.2) 98.9 (2.8) 98.4 (2.6) 98.9 (2.0) 
27 
 
Contribution of 
recess (%) 
    
LPA 5.0 (1.6) 5.2 (1.4) 4.9 (1.2) 4.9 (1.1) 
MPA 9.8 (3.5) 9.7 (3.5) 8.7 (3.8) 9.1 (3.3) 
VPA 12.4 (5.6) 11.0 (6.9) 9.3 (6.2) 11.3 (6.4) 
MVPA 10.6 (3.8) 10.0 (4.5) 8.9 (4.1) 9.7 (3.8) 
Contribution of 
lunchtime (%) 
    
LPA 8.0 (1.7) 7.3 (2.3) 9.3 (2.0) 9.0 (1.9) 
MPA 15.0 (5.0) 12.4 (4.8) 15.6 (5.3) 15.3 (5.1) 
VPA 19.1 (7.8) 14.8 (7.6) 16.1 (8.2) 19.3 (8.7) 
MVPA 16.3 (5.6) 13.0 (5.2) 15.8 (5.7) 16.5 (5.7) 
 525 
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Table 4: Mean changes in percentage of time spent in physical activity during recess and 527 
lunchtime physical activity between the winter school term (2012) and subsequent school 528 
terms 529 
 Winter to Spring 
β (95% CI) 
Winter to Summer 
β (95% CI) 
Winter to Autumn 
β (95% CI) 
Recess    
%LPA 2.0 (-0.4 to 4.3) 3.6 (-0.5 to 7.7) 1.0 (-1.2 to 3.2) 
%MPA 1.5 (-0.2 to 3.3) 1.4 (-1.8 to 4.5) 0.9 (-0.7 to 2.6) 
%VPA 0.3 (-2.0 to 1.3) 0.1 (-2.9 to 2.9) 0.3 (-1.3 to 1.9) 
%MVPA 1.3 (1.7 to 4.3) 1.6 (-3.8 to 6.9) 1.4 (-1.5 to 4.3) 
Lunchtime    
%LPA 2.3 (0.2 to 4.3)* 1.8 (-1.3 to 4.9) 0.1 (-1.6 to 1.8) 
%MPA -1.1 (-2.5 to 0.3) -3.0 (-5.1 to -0.9)** -0.7 (-1.8 to 0.5) 
%VPA -1.7 (-2.9 to -0.4)** -3.2 (-5.1 to -1.3)** -0.3 (-1.5 to 0.8) 
%MVPA -2.7 (-5.1 to -0.3)* -6.2 (-9.9 to -2.5)** -0.9 (-3.0 to 1.2) 
* p<0.05; **p<0.01 530 
The β value reflects the percentage change in children’s recess and lunchtime physical 531 
activity between winter and spring, summer, and autumn, respectively. A negative β value 532 
reflects a decrease in physical activity in either spring, summer or autumn compared to 533 
winter.  534 
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Table 5: Mean change in the contribution of recess and lunchtime to children’s daily 536 
physical activity between the winter school term (2012) and subsequent school terms 537 
 Winter to Spring 
β (95% CI) 
Winter to Summer 
β (95% CI) 
Winter to Autumn 
β (95% CI) 
Recess    
%LPA 0.1 (-0.3 to 0.3) 0.5 (-0.1 to 1.0) 0.3 (-0.1 to 0.6) 
%MPA 0.7 (-0.4 to 1.8) 1.8 (-0.1 to 3.7) 0.6 (-0.4 to 1.6) 
%VPA 0.4 (-1.5 to 2.2) 1.8 (-1.5 to 5.1) 1.1 (0.6 to 2.8) 
%MVPA 0.6 (-0.6 to 1.7) 1.9 (-0.2 to 4.0) 0.7 (-0.4 to 1.8) 
Lunchtime    
%LPA 0.2 (-0.3 to 0.6) 1.0 (0.3 to 1.6)** 0.4 (0.1 to 0.8)* 
%MPA -1.8 (-3.1 to -0.5)** -1.1 (-3.1 to 0.9) -1.1 (-2.2 to -0.1)* 
%VPA -3.4 (-5.7 to -1.2)** -4.5 (-7.9 to -1.0)* -0.4 (-2.3 to 1.5) 
%MVPA -2.4 (-3.8 to -0.9)** -2.4 (-4.6 to -0.2)* -1.1 (-2.3 to 0.1) 
* p<0.05; **p < 0.01 538 
The β value reflects the percentage change in the contribution of recess and lunchtime to 539 
daily physical activity levels between winter and spring, summer, and autumn, respectively. 540 
A negative β value reflects a decrease in the contribution of recess or lunchtime to 541 
children’s daily physical activity in either spring, summer or autumn compared to winter 542 
